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1) Introduction

The Tandem Van de Graaff (TVDG) facility, commissioned in 1970, provides low
energy heavy ion beams for injection to the Alternating Gradient Synchrotron (AGS) and
eventually to the Relativistic Heavy Ion Collider (RHIC) through a beam transfer line
completed in 1986 and recently extended to the AGS Booster. The facility also provides

light and heavy ion beams for local technological and industrial applications.

The facility is operated by the TVDG Operations and Development Group, which
is part of the Brookhaven National Laboratory (BNL) Physics Department. In addition
to being governed by the general ES&H programs of the department, the facility
maintains a separate branch of the department safety organization, with policies and

procedures tailored to the accelerator facility.

The hazards present in the facility are expected to have no more than minor on-
site and negligible off-site impacts to people or the environment. The primary hazard
is exposure to radiation associated with operation of the accelerator. The Radiation
Safety and Access Control System combined with shielding provides appropriate
protection for both workers and the public. Hazards are evaluated by the department or
facility safety organization with the guidance and oversight of the Safety and

Environmental Protection Division (SEP).
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2) Summary/Conclusions

The Tandem Van de Graaff Facility is an accelerator facility and is covered by
the requirements of DOE Order 5480.25, "Accelerator Safety Order”. As per 5480.25,
a hazard classification was established using the definitions in DOE Order 5481.1B,
"Safety Analysis and Review Systems". The Tandem Van de Graaff Facility is
proposing a "low" hazard classification facility based on the information included in
Appendix VIII, "Hazard Classification for the Tandem Van de Graaff Facility", which

has been submitted for DOE approval.
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3) Facility Description: Site, Structures and Operations

3.1) Introduction:

The Tandem Van de Graaff Facility at Brookhaven National Laboratory remains
one of the world’s largest electrostatic accelerator installations. Approval for this project
was granted in 1963, and construction was begun in 1966. High Voltage Engineering
Corporation (HVEC) designed and delivered the accelerators, ion sources, and all related
beam transport and control systems. Accelerator testing began in January, 1970 and the
facility was fully commissioned by June of the same year.

Twin Tandem Van de Graaff accelerators (MP6 & MP7) form the heart of the
complex. Each accelerator is enclosed within a large pressure vessel (11,250 ft’)
containing an insulating gas mixture at a nominal operating pressure of about 12
atmospheres. The gas mixture is composed of roughly 45% SFs, 45% N,, 5% CO,, and
5% O,. The mixture is not routinely released as the SFy is quite expensive. In fact, the
gas is scavenged down to a pressure of 1000 micron (1 torr) prior to backfilling the
vessel with air to allow for personnel entry.

A horizontal, in-line arrangement allows operation of each machine independently,
or for the use of MP6 as an injector for MP7. Independent, or "two-stage" operation
of the accelerators provides the capability for simultaneous experiments to be carried out
in separate target rooms. The coupled, or "three-stage" mode makes use of MP6 as the

injector for MP7, providing beams of higher energy and intensity than available from
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either machine operating alone.

Though originally designed with a maximum terminal voltage of 10 MV, the
machines have undergone extensive modifications to enhance their reliability, flexibility,
and performance characteristics. Many developments were completely novel, and have
since been incorporated into existing machines at other facilities as well as into new
production models.

A new phase of operation began in 1986 with the completion of the Heavy Ion
Transport Line (HITL) connecting the Tandems to the Brookhaven Alternating Gradient
Synchrotron (AGS). For approximately 10 weeks each year MP6 and MP7 would
operate in the pulsed mode, providing fully stripped ions up to mass 32 to the AGS for
fixed target experiments.

In 1992 construction of the Booster Synchrotron and the HITL to Booster (HTB)
Line was completed. The complex of HITL and HTB facilities is formally designated
TTB (Tandem to Booster). The Booster is capable of accepting even partially stripped
ions and accelerating them to energies up to 0.97 Gev/AMU. After full stripping at
these energies, the ions are then injected into the AGS, enabling acceptance of the entire
mass range available from the Tandem Facility. Future plans include the construction
of the Relativistic Heavy Ion Collider (RHIC) which will allow for collision of like or
different ion species at energies up to 100 Gev/AMU (Au). The AGS and RHIC are
administratively separate from the Tandem Van de Graaff Facility and require separate
Safety Analysis Reports.

As one of the premier heavy ion facilities in the world, the Tandem Van de
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Graaff Facility at BNL will continue operations through the 1990s. With no practical
alternatives apparent for the near future, the Tandems remain the only viable source of
pulsed heavy ion beams for the AGS and RHIC experimental programs. When not
serving as an injector for the AGS, the Tandem Van de Graaff facility remains one of
the most reliable and versatile sources of heavy ions in the world, and is available to

users from BNL, industry and universities.

3.2) Building Site:

The Tandem Van de Graaff Facility at BNL consists of two major structures:
Building 901A and the TTB (Tandem to Booster) complex. An aerial view of the
installation showing its relation to the lab site appears in Figure 3-1. The shortest
distance from Building 901A to the site boundary is approximately 1 mile.

Building 901A is situated along Cornell Avenue, attached at its west end to the
older section of the 901 building, and extending approximately 382 feet east to the edge
of the High Flux Beam Reactor (HFBR) grounds. The building was excavated from a
hill with an approximate 15° incline, rising north from Cornell Avenue and cresting at
Building 704 (the fanhouse for the decommissioned Graphite Reactor). The top of the
hill was regraded to extend earth cover over the accelerator and target room areas of
Building 901A.

Since the original construction, four additions have been made to the structure.
Two involved new office and lab space at the west end of the building. The third and

fourth were the construction of the HITL and HTB facilities which form the TTB

November 28, 1995 3-3



Figure 3-1

Aerial view of the Tandem/TTB complex and related structures.
The TTB tunnel is labeled with the names of its components, HITL
and HTB.



complex. The TTB complex comprises approximately 2800 linear feet of tunnel housing
the TTB beam lines, associated transport and control equipment, and three power supply
houses located at intermediate points along the line. SARs exist for these facilities, and

they are not discussed further in this document.

3.3) Building 901A Services and Utilities:

3.3.1) General: The structures described in section 3.4 all provide the

following standard building services: normal lighting systems, emergency lighting, 120
VAC power receptacles, telephone, PA system, normal HVAC service, and fire
detection. Domestic water, deionized water, chilled water, compressed air, 208 VAC
and 480 VAC, emergency exhaust ventilation and fire suppression are also available in
certain areas. The maintenance and repair of all systems except deionized water is
performed by Plant Engineering, Instrumentation, or telephone contractor. The deionized
water system is maintained by the Tandem Van de Graaff Facility.

3.3.2) Electrical Distribution: Power distribution in 901A originates in

two separate locations. At the N1 substation, one of two switchable 1 MVA, 3 phase
transformers provides redundant 480 VAC from the main 13.8 kVAC feeder. The 480
VAC is then distributed to the main building transformers in the Building Equipment
Room, as well as to motor control centers and power distribution centers in other parts
of the building. Adjacent to the N1 substation, a 2 MVA, 3 phase transformer supplies

2.4 kVAC from the 13.8 kVAC feeder. The 2.4 kVAC is distributed by switchgear in
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Building 901, with one circuit delivering this power to the N18 panel in the 901A
Building Equipment Room. This power source is used solely by the building’s two water

chillers and is not distributed elsewhere in 901A.
3.3.3) Heating, Ventilation and Air Conditioning: Conventional

HVAC services are available to all original areas of Building 901A. The building is sub-
divided into six zones, five of which are provided with local control panels. Manually
activated emergency services are also provided at these panels including the ability to
isolate an area affected by smoke or other noxious fumes and to initiate an emergency
exhaust system to clear the affected area. Nominal air flow in each zone is
approximately 2,080 CFM. In the exhaust or "purge" mode, an additional purge fan is
brought on line which increases air flow up to 23,010 CFM. The newer office structures
at the west end of 901A have local HVAC and air handling equipment. The building
was constructed without smoke detector shutdown of air handling equipment. As per
NFPA 90A Chapter 4, no retrofit is required.

3.3.4) Fire Detection and Protection: Fire detection systems include

smoke, rate of rise, and fixed temperature sensors throughout Building 901A. Fire
protection systems include sprinklers, Halon discharge, hand held extinguishers and local
pull boxes. Not all detection and protection systems are provided in each area of the
building. Additional details about protection of specific building areas is included in
Section 4.1.3 and in Appendices II and III. Plans to replace the Halon systems are

covered in the Brookhaven National Laboratory Halon Phase-out Study dated October 14,
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1994,
3.3.5) Normal and Emergency Lighting: Normal lighting services

include standard fluorescent fixtures located throughout Building 901A and controlled
locally. Also standard throughout the experimental and accelerator areas are background
lights which remain on at all times. Emergency lighting is provided by battery pack light
units which charge continuously and activate upon loss of building power. These units
are located at strategic points in and around the facility and are maintained by Plant
Engineering.

3.3.6) Public Address (PA) System: Two public address systems have

been installed. One covers the areas of Building 901A used by the Tandem Operations
Group as well as the TTB complex; the other covers some laboratories and offices at the
west end of the building. The systems are used both for general announcements and to
provide notification of an emergency situation to building occupants. The Control Room
Console has the ability to link the two systems for emergency purposes. Announcements
for the first system can be made from four locations: the Control Room console, the
main lobby office, Lab 3, and the west end of Accelerator Room 1. Additionally, access
is available from any telephone via the lab paging system (x0798). However, because
this system queues messages as they are received, there is some delay before an
announcement reaches the PA system.

3.3.7) Water and Air Systems: Domestic water is available in various

areas of Building 901A for use as needed. Chilled water is supplied by two water
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chilling units for use by the accelerator heat exchangers, insulating gas compressors, and
by the building air conditioning units, but is not otherwise generally available. A closed
loop deionized water system supplies water for cooling beam line and ion source
components as well as larger magnets. Compressed air is provided in many locations,
but is generally used to actuate beam line components in the accelerator and target

rooms.

3.4) Building 901A Structures:
3.4.1) General: Architectural plans for Building 901A were designed by the

Catalytic Construction Company, Philadelphia, PA. Starrett and Ekin was the lead
contractor during the construction phase. Detailed design of the structures is not
described here, but can be found in the original Catalytic Construction Co. drawings on
file in Building 901A and with the Plant Engineering Division. The following sections
will however provide a summary of the major building structures. Figure 3-2 shows a

cut-away view of the building for reference.
3.4.2) Accelerator Rooms 1 & 2:
3.4.2.1) Description: The designations 1 and 2 are for operational

purposes only, as the "two" rooms actually form one large accelerator vault
approximately 318 feet long, 35 feet wide, and 25 feet high. Accelerator Room 1 refers
to the west half of the structure where MP6 is located, and Accelerator Room 2 to the

east half where MP7 is located. A pit 10 feet deep extends out 18 feet from the north
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wall and runs the length of each room. The two pits are joined by a short passageway
which is also common to the EE Room, and a second passageway joins the MP6 pit to
the ME Room. Steel grating or decking covers these pit areas. Entry and exit points

are: 1) Accelerator Room 1 shielding door, 2) Pit 1 passage to ME Room, 3) Accelerator
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Tandem Van de Graaff Facility-Building 901A

A) Offices & Labs
B) Control Room
C) Target Room 1
D) Target Room 2
E) Target Room 3

F) Target Room 4

G) MP6 Accelerator

H) MP7 Accelerator

) Insulating Gas Storage

J) Mechanical Equipment (ME) Room

Figure 3-2

Not Shown:

1) Building Equipment (BE) Room
2) Electrical Equipment (EE) Room
3) Modular Additions




Room 2 shielding door, 4) Pit center passage to EE Room, 5) Accelerator Room 2
passage to TR4, 6) TTB penetration point.

3.4.2.2) Services & Utilities: Standard services are as described

in Section 3.3.1 . Other systems provided are 3 phase 208 VAC power, domestic water,
deionized water, and compressed air, and a vacuum exhaust system. 400Hz 120 VAC
and 208 VAC are also available from a motor-generator set located in the Building
Equipment Room. A 7.5 ton overhead crane is provided for moving large pieces of
equipment.

3.4.2.3) Equipment: The twin accelerators, MP6 and MP7,

dominate the room with pressure vessels each approximately 80 feet long and diameter
varying from 12 feet at the ends to 18 feet at the center (Figure 3-3). Other major
equipment includes two 300 kVDC negative ion injectors, accelerator beamlines and
beam diagnostic equipment, several large dipole magnets and magnetic quadrupole
doublets, and a number of magnetic and electrostatic steerers.

Support equipment includes a wide variety of power supplies, control electronics
and vacuum equipment, as well as recirculators, dryers, filters, piping and valving for
the accelerator insulating gas handling system.

3.4.2.4) Radiation Sources: Both the MP6 and MP7 pressure

vessels have provisions for attaching a lead pig which can be used to hold a radioactive
source. Insertion of this source into the vessel opposite the machine’s terminal region

generally improves the voltage holding ability and voltage stability. When not needed,

November 28, 1995 3-11



HVEC Model MP Tandem Van de Graaff Accelerator

%— Low Energy End 1 High Energy End 1

General Physical Data:
Total Weight: 375,000 Ib
Volume: 11,250 ft3
Nominal Pressure: 12 atm

Figure 3-3: MP Accelerator Structure



the source can be fully withdrawn and shielded within the pig so that personnel may
safely enter the pressure vessels.

Details regarding the specific isotope used (;sCs'*’) and the associated hazards
involved are discussed in the Risk Assessments for Section 4.2.1 (Accelerator Room
Systems).

3.4.3) Tandem Control Room:

3.4.3.1) Description: The Tandem Control Room serves as a central

point for monitoring and control of all accelerator operations. Entry and exit points
include the Accelerator Room 2 shielding door, the main hallway door and the service
elevator, which opens to both the control room and main hallway.

3.4.3.2) Services and Utilities: Standard services and utilities are

as described in Section 3.3.1 . Other systems include fire protection and isolated 120
VAC power. Fire protection is provided by a Halon system with discharge points
located under the floor panels and in the ceiling. Isolated 120 VAC power and ground
are supplied by an electrostatically shielded "quiet power" transformer (N16) located in
the Building Equipment Room.

3.4.3.3) Equipment: The main operator control console stretches
the length of the east wall, with a line of control and instrumentation racks directly
behind it. The HITL control console sits directly opposite the main console and is only

one third as long. A number of patch panels are located along the south and west walls,

bringing signal and control lines from various points in the accelerator and target rooms.
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A floating floor provides equipment ventilation and access to cable runs.

3.4.4) Target Rooms:

3.4.4.1) Description: Four separate target rooms exist in the facility.

Three remain as active target rooms, and one, TR3, is no longer in use as a target area.
Several distinct beam lines are available in each active target room, providing a great
deal of flexibility to experimenters. Covered trenches provide access to cable runs and
utility services. Each room has a 30 ton steel shielding door for entry and exit from the
main corridor. In addition, TR4 also has an escape passage from Accelerator Room 2
located at its north-west corner. The shielding door is approximately 3 feet thick; the
walls between adjacent target rooms are approximately 4 feet thick; the walls separating

the target rooms from the corridor are approximately 6 feet thick.

3.4.4.2) Services & Utilities: Standard services are as described

in Section 3.3.1 . Other systems available are 3 phase 208 VAC power, domestic water,
deionized water, and compressed air. 3 phase 480 VAC is available but not distributed.
The three active target rooms each have a 3 ton overhead crane for moving large
equipment.

3.4.4.3) Equipment: The only fixed equipment in the three active

target rooms are the beam lines and associated beam transport components. Patch panels
provide signal and control cables from the Control Room.
TR3 contains power supplies and control equipment for HITL. It also provides

work space for technicians and storage space for hardware.
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3.4.5) Mechanical Equipment (ME) Room:

3.4.5.1) Description: The ME Room contains a variety of equipment

related to accelerator and building support functions. Entry and exit points are the
Accelerator Room 1 shielding door, the passageway to Pit 1, the east and west hallway

doors, and the west office hallway via the ion source lab.
3.4.5.2) Services and Utilities: Standard services are as described

in Section 3.3.1. Other services include 208 VAC power, domestic water, and
compressed air. 480 VAC power is provided to two power distribution and motor
control centers.

3.4.5.3) Equipment: Major equipment in the Mechanical Equipment

Room are the accelerator gas handling equipment, machining tools, a five ton hand hoist,
deionized water supply system, LN, (Liquid Nitrogen) storage dewars, two electrical
distribution and motor control centers, and a soldering bench.

The accelerator gas handling equipment includes two Norwalk 150 HP, three
stage compressors, a Kinney KT-850 vacuum pump with two blowers attached, a water
heater operating on low pressure steam, and the gas handling system control panel.

A small machine shop provides most standard machining tools, including lathes,
band saws, a drill press, a milling machine, a bead blaster, grinders, shears, punches,
and so forth.

The deionized water system supplies deionized water to building 901A and the

TTB complex. Equipment includes deionizing beds, circulating pumps, flow control
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valving, and expansion and overflow tanks. Waste effluent produced from the
reactivation procedure was been analyzed and shown to contain heavy metals beyond
limits allowed for discharge to the sanitary waste system. Therefore, it is planned that
in the future the resin bed will be disposed of as hazardous waste rather than being
reactivated.

Two electrical distribution and motor control centers provide 480 VAC and 208
VAC power for all equipment in the ME Room, as well as to certain equipment in the

Accelerator and Building Equipment Rooms.
3.4.6) Building Equipment (BE) Room:
3.4.6.1) Description: The Building Equipment Room, located on the

south side of the basement, contains equipment serving building support functions. Entry
and exit points are the east and west exterior stairwell doors, and the stairway to the
901A main hallway. The BE Room is the only area of Building 901A approved for
storage of combustibles because it is protected by a sprinkler system.

3.4.6.2) Services and Utilities: Standard services and utilities are

as described in Section 3.3.1. Other services include domestic water, closed loop chilled
water, "tower water" (a closed loop water system running between the building HVAC
equipment and the roof top cooling towers), and fire protection provided by a sprinkler
system. Three phase 480 VAC power is distributed to an electrical distribution and
motor control center, and to the building electrical distribution transformers. As

previously described, a three phase 2.4 kVAC circuit delivers power to the two building
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water chillers.
3.4.6.3) Equipment: Major equipment located in the BE Room are

the building HVAC equipment and water chillers, electrical distribution transformers,
several air compressors, a 10 kVA 400Hz motor-generator set, a 5 kVA 60 Hz motor-
generator set which powers the TVDG radiation safety system, and an electrical
distribution and motor control center.

HVAC equipment includes six "air handlers" which provide climate control and
ventilation to the six HVAC zones in building 901A. Five of these units provide
emergency exhaust ventilation via a common exhaust fan.

There are four power distribution transformers in the BE Room. All are fed from
the main 480 VAC distribution buss at the N1 substation, and supply 208/120 VAC
power to areas in Building 901A.

Three compressors provide oil free compressed shop air (100 scfm at 100 psi).
A Worthington monorotor compressor rated to deliver 240 scfm at 120 psi is available

to provide high capacity compressed air for experimental use.

3.4.7) Electrical Equipment (EE) Room:
3.4.7.1) Description: The EE Room, located in the basement,

contains accelerator related electrical equipment and personnel work space. Two small
offices are also located within the room as well as a number of desks and benches for
technicians. Personnel entry and exit is through a stairway to the 901A main hallway.

Cable tray passageways lead to the accelerator pit area, and through the stairwell to the
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Building Equipment Room and the Control Room.
3.4.7.2) Services and Utilities: Standard services and utilities are

as described in Section 3.3.1. Other services include isolated 120 VAC power and fire
protection. Isolated 120 VAC power is supplied from the N16 "quiet power" transformer
in the BE Room. Fire protection is provided by a Halon discharge system located under
the floor panels.

3.4.7.3) Equipment: Two power distribution centers deliver single

phase 120 VAC, and three phase 208 VAC and 480 VAC to MP6 and MP7 accelerator
equipment. Two rows of stand up cabinets accommodate DC power supplies for the
MP6 and MP7 dipole and quadrupole magnets. Also found in these cabinets are the
relay logic for the accelerator equipment interlock system and for the radiation protection
system. A small concentration of computer equipment as well as the building PA system
amplifier electronics are also located in the EE Room. A floating floor provides

equipment ventilation and access to cable runs.

3.4.8) Offices and Labs:
3.4.8.1) Description: There are three distinct office and lab areas

located in Building 901A. The original 901A area accommodates eight offices (plus the
two in the EE Room) and three labs. One extension and one modular structure at the
west end of the building added new office space, a conference room, and three labs, one

of which is used as an ion source lab and 90 day hazardous waste accumulation area.

3.4.8.2) Services and Utilities: Standard services and utilities are
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as described in Section 3.3.1 . Other services in the labs include domestic water,

compressed air, and 208 VAC power distribution. 400Hz power is provided in Lab 3.
3.4.8.3) Equipment: No experimental, accelerator support, or

building support equipment is located in the office areas of Building 901A. Contents of
labs vary with use. Storage and use of hazardous substances in the labs is subject to
review and approval by the Tandem Safety Committee. Surface coating is allowed in the
hoods in Labs 1 and 2. No air emissions permit is required. (See BNL memo "Building
901A Paint Hood Exhaust (Emission ID No. 90102)" from J. Williams to J. Throwe,

dated March 22, 1993.)

3.4.9) Insulating Gas Storage Facility:

3.4.9.1) Description: The Insulating Gas Storage Facility is located
atop the hill which rises north from the Building 901A roof and crests at Building 704
(the decommissioned Graphite Reactor fan house). The structure is completely separate
from the 901A structure. It consists of two opposing banks of high pressure gas storage
cylinders with an intervening concrete structure allowing access to the gas piping and

valving system. Each bank consists of three buried layers of cylinders separated by

earth, with the upper layer 42 inches below grade. Due to excessive deterioration, the
concrete portion of the structure was rebuilt in 1990.

3.4.9.2) Services and Utilities: The only services provided are 120
VAC, normal lighting and emergency lighting.

3.4.9.3) Equipment: Equipment is limited to the gas piping and
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valving system and a sensor for the insulating gas detection system.

3.5) Organization and Operations:

Operation of the TVDG Facility is the responsibility of the Tandem Operations
Group of the BNL Physics Department. The most recent departmental organizational
chart, and a facility organizational chart are included as Figures 3-4 and 3-5. The TVDG
Group Leader is the highest ranking individual familiar with the day-to-day operation of
the TVDG facility. He is responsible for development and implementation of the facility
program. The Operations Supervisor, who appears in the TVDG organizational chart in
the block labeled Accelerator Development, Maintenance and Operation, is responsible
for operation and maintenance of the accelerators and supervision of accelerator
operators. He also acts as liaison to the outside users of the facility.

The TVDG Conduct of Operations Program provides guidelines for operation of
the TVDG program. A conformance matrix has been completed to show how the facility

meets the requirements of the associated DOE Order.
3.5.1) ES&H Organization

In addition to site-wide ES&H programs that will not be discussed in this
document, the Physics Department and the Tandem Van de Graaff Facility have instituted

programs, procedures and management systems.
3.5.1.1) Physics Department ES&H Program: The Physics

Department ES&H program governs the operation of Building 901A and of the Tandem
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Operations Group. Some program elements are common to Building 901A and the main
portion of the department in Building 510. However, unique ES&H concerns related to
the presence of the accelerators have made it advantageous for Building 901 A to maintain
a separate branch of the department safety organization, with policies and procedures
specific to that building. The Building 901A ES&H Coordinator and the Building
Manager serve as members of the department ES&H Committee, which reviews
departmental ES&H concerns. The Physics Department Safety and Environmental
Administrative Policy and Procedures Manual (SEAPPM) covers the Tandem Van de
Graaff, either jointly with the rest of the department or in separate TVDG procedures.
The Physics Department Training Plan identifies TVDG operators as belonging to a
critical job classification, and a DACUM (Develop a Curriculum) and a Job Training

Assessment have been completed by the Laboratory Personnel Division.

3.5.1.2) Building 901A ES&H Program: The Tandem Safety

Committee is responsible for ES&H review of experiments, activities and equipment
within Building 901A and associated structures. The committee includes members with
detailed technical knowledge of the entire accelerator system. A member of the Safety
and Environmental Protection Division also serves on the committee. Items requiring
review are brought to the attention of the committee by the principal investigator or, in
the case of users of the accelerators, by a screening questionnaire submitted to the
Operations Supervisor. The scope of user applications is very limited and committee
review of their activities is rarely necessary.

3.5.1.3) Safety support services: The Safety and Environmental
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Protection Division maintains a presence within the TVDG facility through a
representative who is resident within the Building 901 complex. This individual serves
as the liaison with the TVDG Operations Group and works closely with the TVDG staff
on safety matters. Complementary coverage for the Physics Department is provided by
an additional representative resident in Building 510. These individuals report to the

Physical Sciences Group Leader within the Facility Support Section of S&EP.
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4) Systems: Design Criteria, Hazard Identification and Mitigation

4.1) General Facility Systems

4.1.1) Radiation Safety and Access Control System

4.1.1.1) Introduction: By its very nature, the TVDG Facility has a

complex and varied capability for producing radiation depending on the type of ion being
accelerated. Energies of Tandem accelerated ions are proportional to the charge state
achieved by the ions when they undergo stripping within the accelerator. Because the
lighter ions can be stripped to charge states comparable to their atomic numbers, they can
achieve a relatively high energy per nucleon and as such are capable of producing
appreciable numbers of fast neutrons and associated gamma rays when they strike a
target. Heavier ions cannot be stripped to charge states comparable to their atomic
number and thus can only attain a relatively low energy per nucleon. Such particles do
not produce nuclear reactions when they strike a target, and thus produce no appreciable
radiation field. As a result of this diverse capability for producing radiation, a very
dynamic and flexible safety system has been devised. The systems to be described in the
following sections allow maximum access to accelerator equipment while maintaining
automatic surveillance and complete radiation safety for personnel in full accordance with
established guidelines.

The Radiation Safety and Access Control System protects people in the
Accelerator Rooms and Target Rooms. The maximum dose rates that TVDG beams can
produce outside of these areas are described in Appendix IX, "Building 901A Shielding

Effectiveness Studies".
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4.1.1.2) Delegation of Responsibilities: Responsibilities for

radiation control are assigned in the document "Tandem Van de Graaff Radiation Control

Responsibilities”. (Appendix I)

4.1.1.3) The Radiation Safety and Access Control Sub-

Systems: The TVDG Radiation Safety and Access Control Sub-Systems have been

designed in such a way as to allow maximum access to the accelerators and experimental
areas while conforming to ALARA and radiological control policies. Entry into beam
related High Radiation Areas (>100 mR/hr) is normally prohibited. Although the
Facility Group Leader could authorize bypassing of the interlocks of the Radiation
"Zone" Control System described in II below to allow such entry, it is not anticipated
that there would ever be reason to do so. High Radiation Area entry requirements
detailed in Section 334 of the BNL Radiological Control Manual would also need to be
met. Entry into Accelerator Room and Target Room areas with radiation levels less than
100 mR/hr is allowed subject to the combination of interlocks and administrative controls
described below.

Logic diagrams of the Radiation Safety and Access Control System are included
as Appendix IV. Radiation Safety and Access Control is divided into sub-systems:

I) Machine Perimeter: This sub-system enhances facility

safety and security by ensuring that access to the accelerator rooms is obtained only via
the Control Room entrance or an entrance under administrative control of an operator.
It should be noted that entry to the Accelerator Rooms is also controlled by locking all
entrances except for the Control Room entrance. The machine perimeter sub-system
provides an additional level of security. A specific perimeter is established using
interlocked doors or gates at entry points. Personnel wishing to enter an area of the
accelerator rooms where accelerators and beamlines are active must enter only through

the Control Room entrance with the permission of a TVDG Operator. The TVDG
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Operations Procedures Manual (OPM) contains detailed procedures for establishing an
active perimeter (TVDG OPM Procedure XIV). Beam can only be accelerated when a
perimeter has been established around the active areas. The active perimeter is indicated
on the system status panel. Should entry be made through an interlocked access point,
the perimeter control system will automatically insert beamstops and generate visible and
audible signals on the status panel in the TVDG Control Room. The TVDG OPM
contains detailed procedures to be followed in the event of a perimeter violation (TVDG
OPM Procedure XVI). A TVDG Operator will investigate and remedy the perimeter
violation in accordance with the TVDG OPM, reset the Radiation Safety and Access
Control System status, and re-establish beam. The perimeter control system thus ensures

that the Operations Staff has full control over access to the Accelerator Rooms.
II) Radiation "Zone" Control: Within the Accelerator

Rooms and Target Rooms, specific radiation protection zones have been established.
Entry points to these zones are surveilled using a combination of interlocked doors,
gates, or light beams. The accelerator rooms are divided into eight controlled zones:
MP6 LE and HE (Low Energy and High Energy) main level, MP6 LE and HE pits, MP7
LE and HE main level, and MP7 LE and HE pits. Each Target Room, each pit level
passageway, and the main level passage from TR4 to MP7 are considered as individual
zones. A given zone is defined by interlocked entry points which may be gates, doors,
or light beams. The TVDG OPM contains detailed procedures for securing zones
(TVDG OPM Procedure XV). Zones are secured by performing an enforced sequence
search. After a zone has been swept, a zone may be exited via an appropriate point
where a final inspection station button is then depressed, activating the zone. A secure
zone is then an exclusionary area where radiation in excess of Radiation Safety System
setpoints does not trip interlocks so long as the zone remains secured. Zone status is

indicated on the system status panel.

IIT) Active Area Monitoring:  Radiation zones are
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continuously monitored by area radiation monitors regardless of whether that zone is
interlocked. In the Accelerator Rooms, an area monitor is located within each of the
four main level zones. Each detector serves as a common monitor for a main level zone
and the corresponding pit level zone below it. Each Target Room also has a radiation
area monitor. The passageway zones have no area monitors. They are simply treated
as exclusionary areas during machine operation and must be secured to permit beam
acceleration.

There are four basic radiation conditions (FAILSAFE, GREEN, AMBER, and
RED) for the monitored zones. Radiation Safety System responses depend upon the

status of a zone and the radiation level seen by the monitor for that zone:

A) Zone Condition FAILSAFE:
1) Radiation Condition: Radiation levels are unknown due
to a monitor failure.
2) System Responses: A failsafe condition is treated as a

RED radiation condition (See Zone Condition RED).

B) Zone Condition GREEN:
1) Radiation Condition: Radiation levels are between
background and 5 mR/hr. A zone whose status is GREEN is not exclusionary
and need not be secured.

2) System Responses: The system status panel in the Control

Room will light a green lamp for the corresponding zone.

C) Zone Condition AMBER:

1) Radiation Condition: Radiation levels are between 5
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mR/hr and the current AMBER/RED transition set point which may not exceed
100 mR/hr. A zone whose status is AMBER is not exclusionary and need not be
secured.

2) System Responses: The system status panel will light an
amber lamp for the corresponding zone, and the system will light an amber
rotating beacon located in a highly visible area of the zone. This serves to warn

personnel that radiation is present.

D) Zone Condition RED:

1) Radiation Condition: Radiation levels are above the
AMBER/RED transition set point, which may not exceed 100mR/hr. A zone
whose status is RED is exclusionary and must be secured and interlocked to
permit accelerator operation.

2) System Responses: The system status panel will light a
RED lamp for the corresponding zone. If the RED condition exists in either the
MP6 or MP7 HE Zone, the system will activate a red rotating beacon located in
a highly visible area of that zone. Other system responses depend on the zone
interlock status:

i) Zone Secure: If the zone has been searched and
secured prior to the onset of a RED radiation condition, no further response is
generated other than that listed above. A secure zone is exclusionary and so high
radiation levels may exist without danger to personnel.

ii) Accelerator Zone not Secure: If an accelerator
zone has not been searched and secured prior to the onset of a RED or
FAILSAFE radiation condition, or if a secure zone entry point is violated with

the zone in a RED or FAILSAFE condition, the system will immediately insert
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beamstops, shut down the accelerator involved, and shut down the PRE-ACCEL
voltage of the Ion Injector for that accelerator. The system will generate visible
and audible signals on the system status panel indicating a "Radiation Without
Interlock” condition.

iii) Target Room not Secure: If a Target Room has

not been swept and secured prior to the onset of a RED or FAILSAFE radiation
condition, or if a secure entry point is violated with the Target Room in a RED
or FAILSAFE condition, the system will immediately insert a beamstop in the
* accelerator room to remove beam from the Target Room. For TR1, both the
MP6 HE and Image Faraday Cups are inserted. For TR2 or TR4, the MP7 HE
and Image Faraday Cups are inserted. The redundant response will remove beam
from the affected Target Room. The system will generate visible and audible
signals on the system status panel indicating a "Radiation Without Interlock"
condition.
The TVDG OPM contains detailed procedures to be followed in the event
of a Radiation Without Interlock response by the Radiation Safety System (TVDG
OPM Safety Appendix Procedure VI).

4.1.1.4) Emergency Stops: A final level of personnel protection is

provided for by the presence of emergency stop buttons located throughout the
Accelerator and Target Rooms and in the Control Room Area. These are large,
illuminated, red pushbuttons labelled with "EMERGENCY STOP" signs. Should a
person have cause, he can activate the nearest switch. System response to an emergency
stop activation depends on the area in which the button is pushed:

I) Accelerator or Control Room: This will immediately

cause insertion of all faraday cups (beamstops), a complete shutdown of both

accelerators and their associated ion injectors, and generate audible and visible
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signals on the status panel.
IT) Target Rooms: This will cause only insertion of faraday

cups (beamstops) in the corresponding accelerator room, and generate audible and

visible signals on the status panel.

The TVDG OPM contains detailed procedures to be followed in the event of an

emergency stop button being activated (TVDG OPM Safety Appendix Procedure V).

4.1.1.5) Security System Bypassing/Reconfiguration: The
Radiation Safety and Access Control System was designed with provisions for bypassing
certain responses. These reconfigurations are affected using selected "Bypass Switches"
located near the system status panel. The system status panel displays a large warning
message when any "Bypass Switch" is active. These switches require key access and are
used only as detailed in the TVDG OPM (TVDG OPM Operations Procedures Appendix
Procedure XXIII). Procedures for their use are in accordance with BNL ES&H Standard
3.4.0, Section IV.C.1.e. "Bypassing the Security System". The Physics Department
Chair has delegated responsibility for authorizing bypassing/reconfiguration of the
security system to the Facility Group Leader. (Memo from P. D. Bond to P. Thieberger
dated December 4, 1992.)

4.1.1.6) Hazard Identification and Mitigation: There are no

specific hazards identified for this system. Radiation hazards specifically mitigated by
the Radiation Safety and Access Control System are documented in the risk assessment

evaluations and are grouped by facility area.

4.1.1.7) Operational Safety Limits: In accordance with BNL

ES&H Standards 1.3.3 and 1.3.4, one operational safety limit has been established to
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ensure personnel protection in accordance with TVDG ALARA guidelines and proper
safety system operation. This OSL is OSL_RADSAFE 1. The intent is to ensure safe
operation of the accelerators and that the integrity of the TVDG Radiation Safety and
Access Control System is not breached by system malfunction or unauthorized

modification.
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TANDEM VAN de GRAAFF SAD
OPERATIONAL SAFETY LIMIT

TRACKING NUMBER: O0SL RADSAFE 1
SYSTEM: Accelerators
SUBSYSTEM: Radiation Safety and Access Control System

PURPOSE OF OPERATIONAL SAFETY LIMIT: To ensure that radiation

exposures related to operation of the Tandem accelerators do not exceed Administrative Control
Levels.

1) SAFETY LIMIT:

None.

2) DESIGN FEATURES:

A) The TVDG Radiation Safety and Access Control System:

1) This system monitors radiation dose rates in potential Radiation Areas
and prevents access to High Radiation Areas. The system is immune to
short term power interruptions, and long term power interruption will
cause it to revert to a failsafe condition.

2) Gamma monitors rely on a low level signal to verify their operability.
Should the monitor fail to detect this signal, the system places that

radiation protection zone into a failsafe mode.

3) The system limits the maximum radiation field in a non-secured, non-
interlocked controlled area to 100 mR/hr.

B) Shielding is in place to minimize radiation exposures. The effectiveness of
shielding is tested under extreme operating conditions.
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3) ADMINISTRATIVE CONTROLS:

A) The TVDG Radiation Safety and Access Control System:

1) No modification to any system function is allowed without the approval
of the Cognizant Engineer. Any planned deviation from normal system
operation must be with the approval of the Cognizant Engineer. He/she
must refer any significant changes in system function or operation to the
Tandem Safety Committee for review.

2) Radiation monitors are calibrated to a NIST traceable standard every
twelve months.

3) System functionality and responses are tested semi-annually using
procedure "Radcheck”.

4) If the integrity of the Radiation Safety System becomes impaired or
suspect in any manner relevant to the mode of machine operations, all
accelerator beamstops must be immediately inserted. The TVDG Group
Leader or his designate must be notified of the situation. Accelerator
operations may resume only after the TVDG ALARA Officer or his
designate determines whether sufficient safeguards remain in place to
ensure compliance with current BNL radiological regulations.

B) The Tandem Safety Committee reviews the results of shielding studies in
conjunction with S&EP and evaluates the need for additional shielding or changes
in postings.

C) Film badges are required for entry to Target Rooms and Accelerator Rooms.
The Tandem Safety Committee reviews any significant radiation exposure to
Tandem personnel recorded by film badges.

D) As part of their training and certification, TVDG Operators must demonstrate
an understanding of the causes and forms of radiation produced at this facility,
and a working knowledge of the Radiation Safety and Access Control System.
They receive appropriate radiological training provided by S&EP. Other Tandem
personnel are required to have radiological training from S&EP necessary for

their assigned duties.
%f( - 2/14‘0114 S
/

TVDG Group Lehder

TVDG Safety

November 27, 1995 4-10



4.1.2) Insulating Gas Handling System

4.1.2.1) Introduction: In any large high voltage equipment, the

presence of extremely high potential gradients necessitates the use of an insulating
medium for stable operation. For this reason, the high voltage structures of MP6 and
MP7 are enclosed within large (11,250 cubic feet) pressure vessels containing a
pressurized insulating gas. These vessels are code stamped, meeting the ASME Boiler
and Pressure Vessel Code, Section VIII, Division I, with a maximum rated pressure of
300 psig. Overpressure relief valves rated at 250 psig are located on the main fill line
and on each vessel. Both MP6 and MP7 use a gas mixture composed of roughly 45%
SFs, 45% N,, 5% CO, and 5% O,.

As standard facility equipment, HVEC historically supplied a system for
transferring gas between the accelerator pressure vessels and a storage facility.
Typically, the HVEC system imposed a 20 hour turn around time for transferring gas
from an accelerator to the storage facility and back to the accelerator following
maintenance. With the need to service two accelerator structures as well as the MP6
terminal ion source, it was felt that the HVEC gas handling system would contribute
substantially to machine downtime. This would be particularly true when a simple yet
vital repair was needed to resume machine operation. Therefore, the conceptual design
of a high speed insulating gas handling system was undertaken by TVDG personnel in
consultation with HVEC. Detailed design and installation was performed by the
Catalytic Construction Co., the TVDG facility lead contractor.

Figure 4-1 shows a schematic layout of the insulating gas handling system
identifying major components.

4.1.2.2) Design Criteria: The underlying design philosophy aimed

at creating a system capable of moving large amounts of insulating gas safely and quickly

between the accelerator pressure vessels and the insulating gas storage facility. In order
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